response but also participate in organogenesis and tissue regeneration. 2, 3 Despite differences in morphology and biological function, polymorphonuclear and mononuclear phagocytes are believed to derive from a common myeloid-restricted population termed neutrophil-macrophage progenitors. 4 These multipotent neutrophilmacrophage progenitors then differentiate to macrophage-dendritic-cell progenitors, neutrophil-macrophage progenitors, and basophil-mast-cell bipotent progenitors, which in turn undergo terminal differentiation to produce mature dentritic cells, macrophages, neutrophils, basophils, and mast cells. 5 This developmental process is tightly controled and dysregulation of phagocyte development and function is associated with a number of human diseases including cancer, autoimmune and neurodegenerative disorders.
For personal use only. on August 31, 2017 . by guest www.bloodjournal.org From Interferon regulatory factor (IRF) 8, also known as the interferon consensus sequence-binding protein (ICSBP), was first identified through screening mouse lambda expression libraries with interferon consensus sequence as a probe. 6 It encodes a transcription factor of IRF family, which contains a highly conserved Nterminal DNA-binding domain and a less conserved C-terminal IRF association domain. 7 Among the 9 members of mammalian IRF family, IRF4 and IRF8 share the highest similarity in protein sequence and they are predominantly expressed in lymphocytes, macrophages and dendritic cells. 8 The importance of IRF8 in hematopoiesis is first revealed by genetic studies in IRF8 knockout (IRF8-null) 9 and BXH-2 mutant mice, which carry a loss-of-function mutation in the IRF association domain of IRF8 protein. 10 Both IRF8-null and BXH-2 mutant mice suffer chronic myeloid leukemia with a profound increase of neutrophil number. 9, 10 In addition, loss of function mutation in IRF8 gene in these animals also causes a severe reduction of macrophages and dendritic cells. [10] [11] [12] [13] These in vivo studies reveal that IRF8 is essential for myeloid progenitor differentiation toward macrophages but is dispensable for neutrophil development during adult murine myelopoiesis. 
Methods

Fish lines
AB and Tg(mpx:eGFP) 17 fish strains were used in this study.
In vitro synthesis of antisense RNA probe
Antisense RNA probes were prepared by in vitro transcription according to the standard protocol. The following digoxigenin-labeled antisense probes were used:
irf8, csf1r, mpx, cebp1, lyz, pu.1, lcp1, and apoeb.
Single-and two-color whole-mount in situ hybridization (WISH)
Single-color WISH was performed as described. 18 The procedure of two color fluorescence in situ hybridization was reported previously.
19
Single and double fluorescence immunohistochemistry staining
Immunohistochemistry was performed essentially as described previously. 19 To examine the co-staining of GFP and DsRed, the embryos were first stained with goat anti-GFP and rabbit anti-DsRed antibody (1:250, 4°C, overnight), and were subsequently visualized by Alexa Fluor 488 donkey anti-goat (1:400, 4°C, overnight) 
BrdU labeling and triple staining
BrdU labeling was performed as described. 20 For Lcp1, GFP and pH3 triple staining, Tg(mpx:eGFP) embryos were collected at 32 hours post-fertilization (hpf) and fixed in 4% PFA. The fixed embryos were incubated with primary rabbit anti-phosphohistone H3 (pH3) (Upstate) and goat anti-GFP (Abcam) antibodies according to manufactures' protocol and subsequently stained with Alexa Fluor 647 anti-rabbit and Alexa Fluor 488 anti-goat secondary antibodies (Invitrogen). After extensive washing, the embryos were stained with chicken anti-Lcp1 antibody and HRP-conjugated antichicken secondary antibody followed by detection with Cy3 tyramide.
Sudan black (SB) staining
For personal use only. on August 31, 2017 . by guest www.bloodjournal.org From SB (Sigma-Aldrich, Saint-Quentin Fallavier, France) solution was utilized to treat the fixed embryos as described. 21 The SB-stained embryos were then washed by 70% ethanol and signals were observed under microscope.
DIC imaging
Video-enhanced-DIC microscopy was performed on a Nikon 90i (60X waterimmersion objective) microscope as reported. 21 Live specimens were anaesthetized with tricaine in embryo medium and observed in depression slides. 
Generation of
DsRed reporter assay
To assay the effectiveness of irf8 MO 
RT-PCR
Semi-quantitative RT-PCR was carried out with total RNA isolated from 18 hpf irf8 MO sp morphants or control embryos. ef1a and pu.1 was amplified by 16 and 25 cycles respectively (94°C for 30sec; 60°C for 30sec; 72°C for 40sec). The primers used for
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Results
Temporal-spatial expression of irf8 during early zebrafish development
To investigate the role of Irf8 during zebrafish myelopoiesis, irf8 was isolated by RT-PCR based on the sequence provided by ZFIN database. 24 Protein sequence comparison revealed that zebrafish Irf8 shared 55% identity to the mammalian counterpart and contained a highly conserved DNA-binding domain at the N-terminus and an IRF association domain at the C-terminus ( Figure S1 ). To map the temporal and spatial expression pattern of irf8 during zebrafish development, WISH was carried out with embryos at various developmental stages. As shown in Figure 1 , irf8 transcript was first detected at around 16-18 hpf in the rostral blood island ( Figure   1A ,B, arrows, n=35/35), where primitive myelopoiesis is known to initiate. 25, 26 As embryos developed, irf8 expressing cells dispersed onto the yolk sac (data not shown) and by 30 hpf irf8 was also emerged in the ventral tail region ( Figure 1C , arrows, n=36/38), which composes of in situ generated myeloid cells and rostral blood islandderived myeloid cells. 19, 21 By 2 days post-fertilization (dpf), irf8 positive cells were found in the eyes and the brain ( Figure 1D , arrow, n=33/39) in a manner recapitulating the distribution of microglia, a specialized macrophage in the central nervous system (CNS). 27 The WISH data suggest that irf8 is expressed predominantly in myeloid cells during early zebrafish development. It is known that zebrafish primitive myelopoiesis gives rise to both macrophages 25 (microglia and circulating macrophages) and neutrophils, 21, 28 which can be distinguished by the expression of macrophage marker csf1r 29 and neutrophilic marker mpx 28 , respectively. To address ). These data demonstrate that irf8 expression is restricted to macrophage lineage during zebrafish primitive myelopoiesis.
Knockdown of Irf8 expression blocks macrophage development
The exclusive association of irf8 expression with macrophages suggests that Irf8 may play an important role in macrophage development. 
Suppression of Irf8 function causes an expansion of neutrophil population
Previous studies in mice have documented that IRF8 mutant animals develop chronic Figure 3F ,G, n=11/11). However, in irf8-MO sp morphants, a large number of neutrophils with motile granules emerged and no typical macrophages were found ( Figure 3I, n=10/10 ). These data demonstrate that suppression of Irf8 function causes an expansion of neutrophil population.
The expanded neutrophils in Irf8 morphants derive from the lcp1 + myeloid
progenitors or macrophages
Three possible mechanisms could lead to the expansion of neutrophils in irf8
For This further strengthens the notion that Irf8 is an essential determinant for macrophage versus neutrophil fate during primitive myelopoiesis.
Overexpression of Irf8 promotes the development of macrophages but suppresses
Irf8 acts downstream of Pu.1 during primitive myelopoiesis
It is well-known that Ets transcription factor PU.1/Spi-1 is a master regulator involved in the earliest step of myeloid cell development in mice. 32 Similarly, suppression of 
Discussion
In this report, we have cloned zebrafish irf8 gene and characterized its expression and Likewise, erythrocyte and T cell development is grossly normal in IRF8-deficient mice. 9, 10 Notably, B cell development in these IRF8 mutant mice is compromised. 35 However, due to the late arising of B cells during zebrafish development and transient nature of MO knockdown, we are hindered from analyzing Irf8 depletion on B cell ontogeny in zebrafish. Nevertheless, the overall similar functional requirement of Irf8 during zebrafish primitive/embryonic myelopoiesis and mice definitive/adult myelopoiesis underscores parallels in the transcriptional regulatory program among these two processes and the validity of extrapolating insights from studying zebrafish
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Our study shows that knockdown of Irf8 leads to a depletion of macrophages with a concomitant expansion of neutrophil population. This skewed myeloid lineage development is not accompanied by the concomitant increase of the number of total primitive myeloid population. Apoptotic assay and cell cycle analysis indicate that expanded neutrophil population is not ascribed to accelerated proliferative cycle or prolonged cell survival. On the other hand, overexpression of Irf8 in zebrafish embryos is able to drive myeloid development towards macrophage lineage. Thus, our data favor the role of Irf8 in regulating macrophage versus neutrophil fate choice and opposes the model whereby IRF8 differentially regulates the survival, proliferation and differentiation of individual lineage in adult mice. [36] [37] [38] This result is also consistent with an early in vitro study which reported that reconstitution of immortal mouse IRF8-null cell lines by IRF8 directed macrophage differentiation of these cells which otherwise adopted neutrophilic fates. 14 It remains unknown whether fate transition incurred by altered IRF8 expression occurs at the level of common myeloid progenitors or committed differentiating progeny. It will be of interest to determine the consequence of specifically modulating IRF8 level in individual myeloid lineage.
The molecular mechanism by which IRF8 executes its lineage selection role is still obscure. Previous studies revealed that IRF8 in conjunction with IRF-1 and IRF-2 negatively regulated some IFN-inducible gene via binding to interferon-stimulated response element, [39] [40] [41] whereas IRF8, together with PU.1, stimulated the activity of promoters harboring Ets-IRF composite element. 40, [42] [43] [44] [45] [46] It is conceivable to speculate For personal use only. on August 31, 2017. by guest www.bloodjournal.org From
